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ORIGINAL ARTICLE
The Epidemiology of Trachoma in Darfur States and Khartoum State, Sudan:
Results of 32 Population-Based Prevalence Surveys
Balgesa Elkheir Elshafiea,†, Kamal Hashim Osmana,b,†, Colin Macleodc,d, Awad Hassane, Simon Bushd,
Michael Dejenef, Rebecca Willisg, Brian Chug, Paul Courtrighth, and Anthony W. Solomonc,i, for the Global
Trachoma Mapping Project*
aNational Program for Prevention of Blindness, Federal Ministry of Health, Khartoum, Sudan; bDepartment of Ophthalmology, Al Neelain
University, Khartoum, Sudan; cClinical Research Department, London School of Hygiene & Tropical Medicine, London, UK; dSightsavers,
Haywards Heath, UK; eSightsavers, Khartoum, Sudan; fMichael Dejene Public Health Consultancy Services, Addis Ababa, Ethiopia; gTask Force
for Global Health, Decatur, GA, USA; hKCCO International, Division of Ophthalmology, University of Cape Town, South Africa; iDepartment of
Control of Neglected Tropical Diseases, World Health Organization, Geneva, Switzerland
ABSTRACT
Purpose: To complete the baseline trachoma map of Sudan by estimating the prevalence of
trachoma and associated risk factors in the five Darfur States and Khartoum State.
Methods: Using a standardized methodology developed for the Global Trachoma Mapping
Project, we undertook a cross sectional, community-based survey in each of 32 evaluation units
(EUs) covering all accessible districts.
Results: We enumerated a total of 84,568 individuals, with 73,489 people (86.9%) examined from
20,242 households in 908 villages. The highest prevalence of trachomatous inflammation –
follicular (TF) in children was found in El Fashir district (18.7%), and the lowest in El Malha district
(0.0%). Five districts (El Fashir, Zalinji, Azoom, Maleet, and El Koma) were in the three EUs that had
TF prevalences above the 10% threshold at which the World Health Organization recommends
mass treatment with azithromycin, together with facial clean3liness and environmental improve-
ment interventions, for at least 3 years. The highest trachomatous trichiasis prevalence in adults
was found in the EU composed of Forbranga and Habillah (1.2%), and the lowest in the EU
composed of As-salam and Belale districts in South Darfur (0.0%). TF in children was indepen-
dently associated with younger age, unimproved sanitation in the household, having ≥5 children
in the household, outside annual maximum temperatures <40°C, and living in an internally
displaced persons camp.
Conclusion: We found a high prevalence of trachoma in some areas of Darfur, but in general the
prevalence throughout Darfur and Khartoum was low.
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Introduction
Trachoma is an ocular disease caused by infection with
Chlamydia trachomatis, and is the major infectious
cause of blindness worldwide. It is estimated to be
responsible for 1.4% of global blindness.1 Since 1993,
the World Health Organization (WHO) has advocated
the SAFE strategy (surgery, antibiotics, facial cleanliness
and environmental improvement) for trachoma control
and elimination.2 Implementation of the SAFE strategy
is undertaken at district level, with thresholds of disease
prevalence used to determine which districts qualify for
interventions. Population-based prevalence surveys are
the gold standard for estimating prevalence of trachoma
in populations and are therefore essential for program
planning, implementation, monitoring and evaluation.3
Trachoma has long been known to be prevalent in
the Sudan. A report by MacCallan in 1934 documented
trachoma among school pupils in Khartoum and Nubia
(north of Wadi Halfa).4 Surveys undertaken by WHO
in Atbara Town and surrounding villages of Northern
State between 1963 and 1964 revealed trachoma to be a
serious public health problem.5 In 1975, a retrospective
review of Ministry of Health records dating from 1959
to 1969 found that the highest national incidence of
active trachoma was in Northern State, with a decreas-
ing incidence moving southwards through Sudan; there
were 83 cases per 1000 total population in Northern
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State, decreasing to 0.23 per 1000 total population in
Bahr El Gazal.6 In addition, the 1975 study again sur-
veyed children in the rural areas surrounding Atbara
Town and found signs of trachoma in 71% of children
aged 1–4 years.6 While this illustrates the historical
presence of trachoma in Sudan, the studies cited used
diagnostic criteria which differ from the current WHO
simplified trachoma grading system,7 and reflect a pat-
tern of disease that may no longer be relevant.
A survey of 14 villages in Wadi Halfa (Northern State)
in 2000 that used the WHO simplified trachoma grading
system estimated the prevalence of TF and/or trachoma-
tous inflammation – intense to be 47% among children
aged 1–10 years, while 4% of women aged over 40 years
had trachomatous trichiasis (TT), confirming that tra-
choma continued to pose a serious public health
problem.8 A survey covering all states of Sudan, with the
exception of Darfur and Khartoum, was conducted from
2006 to 2010. Published results showed the district-level
prevalence of TF in children aged 1–9 years ranged from
0.0% to 19.8%.9 TF prevalence was above 10% in three
districts; two in Blue Nile State (Geissan and Kurmuk),
and one in Gederaf State (El Galabat East). A total of 11
districts had TF prevalences between 5.0% and 9.9%,
including Dongola in Northern State, Port Sudan and
Sawaken in Red Sea State, El Fashga, El Rahd, Gedaref
and Gorisha in Gedaref State, El Jabalian in White Nile
State, Eldindir in Sinnar State, Baw in Blue Nile State, and
Abu Jubaiyeh in South Kordufan State. The district-level
prevalence of TT in adults aged 15 years and older ranged
from 0.0% to 6.7%. TT prevalence was above 1% in 20
districts (which included the three districts with TF pre-
valence >10%).
We carried out population-based prevalence surveys
in all secure and accessible districts in Darfur (July 2014
to February 2015) and Khartoum State (May 2015;
Figure 1) that had not previously been surveyed for
trachoma, in order to complete the baseline trachoma
map of Sudan. This paper presents the findings of those
surveys and explores possible risk factors associated
with trachoma in these states of Sudan.
Materials and methods
Survey design, training and implementation were carried
out with standard Global Trachoma Mapping Project
(GTMP) methodologies.10 Surveys were carried out at
the level of evaluation units (EUs), which comprised
contiguous grouped districts of total population up to
200,000 inhabitants. Existing administrative boundaries
were followed insofar as was possible. Insecurity and/or
inaccessibility were exclusion criteria for districts and
villages. Regular contact was maintained with local autho-
rities as the security situation could change quickly.
Villages were considered inaccessible if teams would
have to walk more than half a day to reach them.
Trachoma graders and data recorders were required
to attend a 4-day training course in Khartoum State, in
which they were familiarized with the overall GTMP
methodology10 and grading of trachoma using the
WHO simplified trachoma grading system.7,11 Both
graders and recorders were required to pass an
Figure 1. States with baseline trachoma mapping, Global Trachoma Mapping Project, Sudan, 2014–2015.
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examination to be considered for inclusion in field
teams. Graders were Sudanese ophthalmology residents
or ophthalmic medical assistants. Data recorders were
all Sudanese public health officers. Version 3 of the
GTMP training system was used.10
Using a design effect of 2.65, the estimated sample
size required to estimate a TF prevalence of 10% in
children aged 1–9 years with a precision of ± 3% and
95% confidence, and an estimated non-response rate of
20%, 1222 children were required to be sampled.10 The
latest census data estimated that there were 2.1 children
aged 1–9 years per household in Sudan. It was esti-
mated that teams could survey 30 households per day,
and would therefore see an average of 30 × 2.1 = 63
children per day. The number of villages required to be
surveyed was therefore 1222/63 = 19.4, rounded up to
20 villages in total per EU.
A 2-stage sampling methodology was used, with
villages used as the primary sampling unit. Villages
were systematically selected from the latest available
census list, with a probability proportional to their
population size. To do this, all villages in the EU were
listed in an arbitrary order with the village population
and the cumulative population to that point. The sam-
pling interval was calculated by dividing the total popu-
lation by the number of villages to be selected. The first
village was selected by generating a random number (n)
in the range 0 < n ≤ 1, multiplying this by the sampling
interval, and identifying the village in which this num-
ber fell. Subsequent villages were then selected by addi-
tion of the sampling interval to this first number, and
identifying the corresponding village each time, until 20
villages had been selected.12
On the day of the survey, villages were divided into
quarters and one village quarter was selected by drawing
lots. A total of 30 households were included. If not enough
houses were found in the selected quarter, additional
households were added from the next quarter until 30
households were approached. All households in the
selected quarter were invited to participate in the survey.
Data collection
All data were collected using a custom-made applica-
tion (LINKS, Taskforce for Global Health, Atlanta, GA,
USA) on Android smartphones. Each participant was
examined for the presence or absence of the clinical
signs TF, trachomatous inflammation – intense and
TT, using the WHO simplified trachoma grading
system;7,11 TT was defined as trichiasis plus trachoma-
tous conjunctival scarring in the same eye. Recorders
were trained to collect household-level WASH (water,
sanitation and hygiene) variables10 using direct
observation and by focused interview with the house-
hold head. Global positioning system (GPS) coordi-
nates were recorded at each household. Internally
displaced person (IDP) camps in the Darfur States are
generally established, long-term settlements recognized
in local census lists, and were therefore included in the
survey sampling frame. Each cluster was recorded as
IDP or non-IDP at the time of sampling.
Environmental risk factors
Climatic risk factor data were collected based on existing
knowledge about the epidemiology of trachoma. Altitude
was collected directly at the time of survey by GPS loca-
lization at each household. Climate variables derived from
local meteorological stations were obtained from
WorldClim BioClim variables (worldclim.org), at a reso-
lution of 2.5 arc-minutes (~5 km).13 Variables were cho-
sen that were considered to be potentially relevant to
ocular C. trachomatis transmission, including mean
annual precipitation and maximum temperature in the
hottest month. Point values were extracted using ArcGIS
10.3 from cluster-level mean-household GPS coordinates.
Statistical analysis
We used projected 2015 populations from the 2008
Sudan census report.14 The cluster-level proportion of
TF cases was adjusted in 1-year age groups. The cluster-
level proportion of TT cases was adjusted for sex and
age in 5-year age groups. The adjusted EU-level pre-
valence of each outcome was calculated as the mean of
all adjusted cluster-level proportions. Proportions were
adjusted using R 3.0.2 (2013, The R Foundation for
Statistical Computing, Vienna, Austria). Confidence
intervals (CIs) were calculated by bootstrapping the
adjusted cluster-level proportions of each outcome
and taking the 2.5th and 97.5th centiles of all ordered
results.15 Risk factor analysis was carried out in Stata
10.2 (Stata Corp, College Station, TX, USA). A 2-level
hierarchical model was used with adjustment for clus-
tering at village and household level. Univariable asso-
ciations were considered for inclusion in the
multivariable model if p ≤ 0.05 (Wald’s test).
Ethics approval
The survey protocol was approved by the Sudanese
Federal Ministry of Health ethics committee as an
amendment to an existing (2006) protocol in which
trachoma prevalence surveys were approved through-
out Sudan. The overall GTMP methodology was
approved by the London School of Hygiene &
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Tropical Medicine Research Ethics Committee (refer-
ences 6319 and 8355).
Verbal consent was obtained from all participants
and recorded electronically. For those under 15 years of
age, consent from a parent or guardian was required.
Participants were free to withdraw consent at any time
without consequence. All participants found to have
clinical signs of active trachoma were offered either
oral azithromycin or topical 1% tetracycline. All parti-
cipants found to have TT or other significant ocular
pathology were referred to the nearest ophthalmology
center using a pre-agreed referral procedure.
Results
A total of 84,568 individuals were enumerated within 32
EUs covering 45 administrative districts. Overall, 37 dis-
tricts (27 EUs) were in Darfur States, and six districts (5
EUs) were in Khartoum State. A total of 16,176 individuals
were enumerated in Khartoum State, and 68,392 in Darfur
State. Overall, 73,489 of those enumerated (86.9%) were
present and consented to examination in 20,242 house-
holds of 676 villages and 43,761 of those examined were
female (59.6%). A total of 34,181 children aged 1–9 years
were examined, with a total of 1514 cases of TF identified
(4.1%) whilst 33,316 participants over 14 years of age were
examined and a total of 330 cases of TT identified (1.0%).
The characteristics of those sampled are shown in Table 1.
The mean adjusted TF prevalence in children aged
1–9 years over all EUs was 3.9% (95% CI 1.6–5.4%),
with the highest prevalence found in El Fashir district
of North Darfur (18.7%, 95% CI 13.1–26.5%), and the
lowest found in El Malha district of North Darfur
(0.0%, 95% CI 0.0–0.3%). Twenty five EUs had a TF
prevalence below 5%, four EUs had a TF prevalence
from 5–9.9%, and three EUs had a TF prevalence above
10%. The districts El Fashir, Zalinji, Azoom, Maleet and
El Koma were all in EUs with TF above the 10%
threshold at which WHO recommends mass treatment
with azithromycin, plus implementation of the F and E
components of SAFE, for three years or more before re-
survey (Table 2, Figure 2).
The mean adjusted TT prevalence over all EUs was
0.4% (95% CI 0.1–0.7%), with the highest prevalence
found in the EU composed of Forbranga and Habillah
(1.2%, 95% CI 0.8–1.7%), and the lowest prevalence
found in the EU composed of As-salam and Belale
districts in South Darfur, where no cases of TT were
found among 997 adults examined (Table 3, Figure 3).
IDP camps made up 36 (5.3%) of the 676 clusters
surveyed. This represented 4556 individuals and 1080
households from the total sampled in all EUs. These 36
camps were sampled as part of 10 EUs covering 13 dis-
tricts; 7 camps were in North Darfur, 13 were in South
Darfur, 3 were in East Darfur, and 10 were inWest Darfur.
Factors associated with TF
Univariable associations with TF are shown in Table 4. In
the final multivariable model, TF in children aged 1–9
years was independently associated with age being 1–4
years (odds ratio, OR, 1.8, 95% CI 1.6–2.1) compared to
being 5–9 years of age, the use of an unimproved form of
sanitation (OR 1.5, 95% CI 1.2–1.9), 5 or more children
resident in the household (OR 1.2, 95% CI 1.0–1.4), and
living in an IDP camp (OR 2.6, 95% CI 2.2–2.9). A
protective effect was associated with living in an area
where the maximum annual temperature was ≥40°C
(OR 0.4, 95%CI 0.2–0.4). Full results are shown inTable 6.
Factors associated with TT
Univariable associations with TT are shown in Table 5.
In the final multivariable model, TT in those aged 15
years and older was strongly associated with increasing
age in years (OR 1.09, 95% CI 1.08–1.09; included as 10-
year age bands in the final model), and female sex (OR
3.0, 95% CI 2.2–3.9)]. Living in an area where the max-
imum annual temperature was ≥40°C (OR 0.2, 95% CI
0.1–0.3)] had a protective association. Similarly, living in
an area where the annual rainfall was <500 mm (the
definition of a desert) was associated with a decreased
odds of TT (OR 0.2, 95% CI 0.1–0.4). In contrast to the
TF findings, there was no association between TT and
living in an IDP camp (p = 0.27, likelihood ratio test on
the final model). Full results are shown in Table 7.
Age-specific TF prevalence
The age-specific TF prevalence in those aged 1–9 years
is shown in Figure 4. The prevalence of TF varied with
age, with a peak at age 3 years of 6.3% (95% CI 5.7–
Table 1. Characteristics of sample population, Global Trachoma
Mapping Project, Sudan, 2014–2015.
Age,
years
Consented,
n (%)
Absent,
n (%)
Refused,
n (%)
Othera,
n (%)
Total,
n
Male 1–9 16,093 (94.5) 919 (5.4) 6 (0.0) 3 (0.0) 17,021
10–14 3494 (78.3) 969 (21.7) 1 (0.0) 0 (0.0) 4464
≥15 10,141 (65.0) 5447 (34.9) 14 (0.1) 6 (0.0) 15,608
All
ages
29,728 (80.1) 7335 (19.8) 21 (0.1) 9 (0.0) 37,093
Female 1–9 16,440 (95.8) 699 (4.1) 17 (0.1) 4 (0.0) 17,160
10–14 4146 (84.5) 753 (15.4) 6 (0.1) 0 (0.0) 4905
≥15 23,175 (91.2) 2179 (8.6) 53 (0.2) 3 (0.0) 25,410
All
ages
43761 (92.2) 3631 (7.7) 76 (0.2) 7 (0.0) 47,475
Total 73,489 (86.9) 10,966 (13.0) 97 (0.1) 16 (0.0) 84,568
aSleeping.
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7.1%), and a steep decrease to a minimum of 1.8% (95%
CI 1.4–2.3%) at 8 years. This difference was highly
statistically significant (χ2 test for difference in propor-
tions p < 0.001). This relationship was maintained in
the Darfur data when evaluated alone (Figure 4 [lower
left]; χ2 p < 0.01), but not in the data from Khartoum
(Figure 4 [lower right]) where there was no significant
difference across the ages (χ2 p = 0.38).
Table 2. Trachomatous inflammation – follicular (TF) in children aged 1–9 years, Global Trachoma Mapping Project, Sudan,
2014–2015.
State Evaluation unit Examined, n TF cases, n
Unadjusted
TF, (%)
Adjusteda TF, %
(95% CI)
North Darfur El Fashir 904 186 20.6 18.7 (13.1–26.5)
Kalmando, Dar El Salam 994 114 11.5 9.3 (6.1–13.5)
Maleet, El Koma 963 142 14.7 11.4 (6.1–17.9)
Om Kdadah 1113 14 1.3 1.0 (0.2–1.7)
Eltwaish Wa El Laayeet 1057 42 4.0 3.1 (0.9–6.0)
El Malha 837 0 0.0 0.0 (0.0–0.3)
South Darfur Aid el Forsan 1127 4 0.4 0.4 (0.0–0.8)
Rehed Al Birdi 1176 41 3.5 2.9 (1.8–3.9)
Kas 1269 45 3.5 3.0 (1.3–5.4)
Tolos 954 13 1.4 1.1 (0.4–2.1)
Nyala City 985 38 3.9 3.7 (1.4–6.4)
As-salam, Belale 1014 48 4.7 5.2 (2.7–8.5)
Unitty 904 4 0.4 0.3 (0.0–0.8)
East Darfur Yaseen, Shiairiya 1009 36 3.6 3.3 (1.5–5.9)
El diain (East) 1016 16 1.6 1.3 (0.2–2.6)
El diain - Assalaya, El Firduce 961 14 1.5 1.1 (0.2–2.3)
Bahr el Arab, Abu Jabra 1058 11 1.0 0.8 (0.0–2.2)
Central Darfur Zalinji, Azoom 968 115 11.9 11.6 (7.4–17.4)
Wadi Salih (Garseila) 820 35 4.3 4.0 (2.4–6.4)
Bondes, Mokjar 889 12 1.3 0.9 (0.4–1.7)
Nertity 998 31 3.1 2.5 (1.0–3.9)
Um dokhn 1193 49 4.1 3.7 (1.7–5.7)
West Darfur El Jinaina 851 98 11.5 8.8 (4.7–14.2)
Forbranga, Habillah 808 42 5.2 4.8 (3.0–7.2)
Jabal moon, Sarba, Kolbos 1030 60 5.8 4.8 (2.8–7.1)
Beda 900 99 11.0 9.9 (6.7–13.4)
Kreanik 1086 4 0.4 0.4 (0.0–1.2)
Khartoum Om Bada, Karrary 891 4 0.4 0.6 (0.1–1.4)
Omdurman 1278 57 4.5 4.3 (2.2–7.3)
Bahri 1065 5 0.5 0.5 (0.1–1.0)
Sharg El Neel 1358 20 1.5 1.6 (0.8–2.5)
Jabal Awliya 1085 7 0.6 0.6 (0.1–1.3)
aAdjusted for age in single years.
CI, confidence interval.
(a) (b)
Figure 2. (a) Prevalence of trachomatous inflammation – follicular (TF) in 1–9-year-olds by evaluation unit in selected Darfur districts,
Global Trachoma Mapping Project, Sudan, 2014–2015. (b) Prevalence of trachomatous inflammation – follicular (TF) in 1–9-year-olds
by evaluation unit in Khartoum, Global Trachoma Mapping Project, Sudan, 2014–2015.
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Age and sex-specific TT prevalence
The age- and sex-specific TT prevalence in those aged
15 years and older is shown in Figure 5. The prevalence
of TT increased with age, with the highest prevalence in
those aged 65 years and older. In all age groups, the
prevalence of TT was higher in females than males,
with a statistically significant difference at the p < 0.05
level in the age groups 55–64 years and ≥65 years (χ2
test for difference in proportions). In the ≥65 years age
group, the prevalence of TT in females was 8.3% (95%
CI 6.9–9.9%) and 2.3% in males (95% CI 1.5–3.8%).
Table 3. Trachomatous trichiasis (TT) in those ≥15 years, Global Trachoma Mapping Project, Sudan, 2014–2015.
State Evaluation unit Examined, n TT cases, n Unadjusted TT, %
Adjusteda TT, %
(95% CI)
North Darfur El Fashir 943 18 1.9 0.8 (0.4–1.3)
Kalmando, Dar El Salam 1033 11 1.1 0.6 (0.1–1.4)
Maleet, El Koma 931 4 0.4 0.2 (0.0–0.5)
Om Kdadah 1074 3 0.3 0.2 (0.0–0.4)
Eltwaish Wa El Laayeet 1056 1 0.1 0.0 (0.0–0.1)
El Malha 768 1 0.1 0.0 (0.0–0.1)
South Darfur Aid el Forsan 1068 1 0.1 0.0 (0.0–0.1)
Rehed Al Birdi 928 15 1.6 0.5 (0.2–0.8)
Kas 1066 14 1.3 0.5 (0.1–1.2)
Tolos 1019 7 0.7 0.3 (0.1–0.6)
Nyala City 1162 9 0.8 0.3 (0.1–0.6)
As-salam, Belale 997 0 0.0 0.0 (0.0–0.2)
Unitty 1062 4 0.4 0.2 (0.0–0.3)
East Darfur Yaseen, Shiairiya 887 6 0.7 0.2 (0.1–0.4)
El diain (East) 852 2 0.2 0.0 (0.0–0.1)
El diain - Assalaya, El Firduce 927 4 0.4 0.2 (0.0–0.4)
Bahr el Arab, Abu Jabra 876 1 0.1 0.0 (0.0–0.1)
Central Darfur Zalinji, Azoom 992 17 1.7 0.7 (0.3–1.2)
Wadi Salih (Garseila) 927 33 3.6 1.0 (0.5–1.6)
Bondes, Mokjar 868 17 2.0 0.4 (0.2–0.6)
Nertity 826 19 2.3 0.6 (0.3–0.9)
Um dokhn 918 18 2.0 0.5 (0.2–0.9)
West Darfur EL Jinaina 828 19 2.3 0.5 (0.3–0.9)
Forbranga, Habillah 808 35 4.3 1.2 (0.8–1.7)
Jabal moon, Sarba, Kolbos 1161 22 1.9 0.5 (0.2–0.9)
Beda 828 31 3.7 1.0 (0.6–1.4)
Kreanik 897 10 1.1 0.5 (0.1–0.9)
Khartoum Om Bada, Karrary 1396 1 0.1 0.1 (0.0–0.2)
Omdurman 1517 1 0.1 0.0 (0.0–0.1)
Bahri 1475 2 0.1 0.1 (0.0–0.3)
Sharg El Neel 1469 3 0.2 0.1 (0.0–0.3)
Jabal Awliya 1782 1 0.1 0.0 (0.0–0.1)
aAdjusted for sex and age in 5-year age bands.
CI, confidence interval.
(a) (b)
Figure 3. (a) Prevalence of trachomatous trichiasis (TT) in ≥15-year-olds by evaluation unit in selected Darfur districts, Global
Trachoma Mapping Project, Sudan, 2014–2015. (b) Prevalence of trachomatous trichiasis (TT) in ≥15-year-olds by evaluation unit in
Khartoum, Global Trachoma Mapping Project, Sudan, 2014–2015.
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Table 4. Univariable association with the outcome trachomatous inflammation – follicular (TF) in children aged 1–9 years, Global
Trachoma Mapping Project, Sudan, 2014–2015.
Variable Examined, n TF, % OR (95% CI)a
Age, years <5 15,718 5.6 1.9 (1.7–2.2)
5–9 16,815 3.1 1 (reference)
Sex Male 16,093 4.5 1 (reference)
Female 16,440 4.1 0.9 (0.8–1.0)
Number in household <8 28,030 4.4 1 (reference)
≥8 4503 3.7 0.9 (0.6–1.1)
Number aged 1–9 years in household <5 29,275 4.3 1 (reference)
≥5 3258 4.9 1.2 (1.0–1.5)
Use of unimproved sanitation Yes 26,931 4.7 1.5 (1.2–2.0)
No 5602 2.5 1 (reference)
Open defecation Yes 12,698 4.6 1.3 (1.0–1.6)
No 19,835 4.1 1 (reference)
Surface water (river, lake, etc) source of drinking water No 31,387 4.4 1 (reference)
Yes 1146 2.6 0.7 (0.3–1.7)
Time to nearest source of drinking water, minutes <30 21,414 4.0 1 (reference)
≥30 11,119 5.0 0.8 (0.6–1.1)
Surface water (river, lake, etc.) source of water for washing Yes 1122 2.9 1.0 (0.4–2.3)
No 31,411 4.4 1 (reference)
Time to nearest source of water for washing, minutes All washing done at source 179 0.6 0.3 (0.0–2.3)
≤30 22,040 3.9 1 (reference)
>30 10,314 5.3 0.9 (0.6–1.2)
Maximum temperature annually, °C ≥40 6955 1.9 0.4 (0.2–0.5)
<40 25,578 5.0 1 (reference)
Annual rainfall, mm <500 19,816 4.6 1.2 (0.8–1.8)
≥500 12,717 3.9 1 (reference)
Household located in an internally displaced persons camp Yes 1823 7.6 2.8 (1.3–5.6)
No 30,710 4.1 1 (reference)
aBolding denotes significant values.
OR, odds ratio.; CI, confidence interval.
Table 5. Univariable association with the outcome trachomatous trichiasis (TT) in those aged ≥15 years, Global Trachoma Mapping
Project, Sudan, 2014–2015.
Variable Examined, n TT, % OR (95% CI)a
Age, years 15–24 9983 0.1 1 (reference)
25–34 8308 0.2 1.7 (0.7–4.0)
35–44 5954 0.4 4.6 (2.1–9.8)
45–54 3587 0.6 7.3 (3.4–15.9)
55–64 2366 2.8 33.8 (15.7–63.9)
65+ 3118 6.3 83.2 (37.7–144.2)
Sex Male 10,141 0.6 1 (reference)
Female 23,175 1.2 2.0 (1.5–2.7)
Number in household <8 29,755 1.1 1 (reference)
≥8 3561 0.5 0.5 (0.3–0.8)
Number aged 1–9 years in household <5 32,126 1.0 1 (reference)
≥5 1190 0.3 0.3 (0.1–0.9)
Use of unimproved sanitation Yes 6522 1.1 2.0 (1.3–2.0)
No 26,794 0.6 1 (reference)
Open defecation Yes 11,916 1.4 1.8 (1.4–2.4)
No 21,400 0.8 1 (reference)
Surface water (river, lake, etc) source of drinking water Yes 1109 2.0 2.1 (1.0–4.0)
No 32,207 1.0 1 (reference)
Time to nearest source of drinking water <30 minutes 22,678 1.0 1 (reference)
≥30 minutes 10638 1.0 1.0 (0.7–1.3)
Surface water (river, lake, etc) source of water for washing Yes 1078 2.0 2.1 (1.0–4.6)
No 32,238 1.0 1 (reference)
Time to nearest source of water for washing All washing at source 198 0.0
≤30 minutes 23,223 1.0 1 (reference)
>30 minutes 9895 1.0 1.0 (0.7–1.4)
Maximum annual temperature, °C ≥40 8968 0.1 0.1 (0.0–0.2)
<40 24,348 1.3 1 (reference)
Annual rainfall, mm <500 21,638 0.5 0.3 (0.2–0.4)
≥500 11,678 1.8 1 (reference)
Household located in an internally displaced persons camp Yes 1692 1.0 1.0 (0.4–2.1)
No 31,624 1.0 1 (reference)
aBolding denotes significant values.
OR, odds ratio; CI, confidence interval.
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Discussion
We found a high prevalence of TF in children in some
areas of Darfur, but in general, the prevalence through-
out Darfur was low. In addition, the prevalence of TF in
children in all areas surrounding Khartoum City was
low. In contrast, the prevalence of TT was above the
elimination threshold of 0.2% in those aged ≥15 years
in the majority of areas surveyed, in both the Darfur
States and Khartoum. In Darfur, the three EUs (five
districts) in which TF prevalence in children was ≥10%
were found in North Darfur and Central Darfur State. In
these areas, WHO recommends mass drug administra-
tion (MDA) with azithromycin, together with imple-
mentation of the F and E components of SAFE, for 3
years before impact surveys are conducted. No districts
in East Darfur, South Darfur, orWest Darfur were above
this 10% TF threshold. However, four districts had TF
prevalences close to this level; Kalmando and Dar El
Salam (9.3%), El Jinaina (8.8%), and Beda (9.9%), for
which current guidelines recommend that these areas
should have 1 year of MDA, in addition to F and E,
before being re-surveyed to assess the impact. The deci-
sion to limit MDA to populations with a prevalence of
TF ≥5% is based on consensus opinion that at lower
prevalences, populations are unlikely to be at high risk
of developing the permanent scarring associated with
progression of trachomatous disease. This progression
potential may be difficult to determine from a cross-
sectional prevalence of TF, because it takes many years
for trachomatous scarring to develop, and it is unknown
if transmission here is in steady-state, increasing, or
Table 6. Multilevel multivariable association with the outcome
trachomatous inflammation – follicular in children aged 1–9
years, Global Trachoma Mapping Project, Sudan, 2014–2015.
Variable OR p-valuea
Age <5 years 1.8 <0.0001
Household unimproved sanitation 1.5 0.003
Maximum temperature at cluster >40°C annually 0.4 <0.0001
Household located in an internally displaced persons
camp
2.6 0.006
≥5 children aged 1–9 years in the household 1.2 0.03
aLikelihood ratio test for inclusion/exclusion in final model.
OR, odds ratio.
Table 7. Multilevel multivariable association with the outcome
trachomatous trichiasis in adults aged ≥15 years, Global
Trachoma Mapping Project, Sudan, 2014–2015.
Variable OR p-valuea
Age, years <0.0001 (χ2 trend)
15–24 1 (reference)
25–34 1.6
35–44 4.9
45–54 8.5
55–64 35.8
65+ 83.8
Female sex 3.0 <0.0001
Maximum annual temperature ≥40°C 0.2 <0.0001
Desert area (annual rainfall
<500 mm)
0.4 <0.0001
aLikelihood ratio test for inclusion/exclusion in final model.
OR, odds ratio.
Figure 4. Age-specific prevalence of trachomatous inflamma-
tion – follicular (TF) in 1–9-year-olds in 32 evaluation units (EUs)
(upper panel). In 27 EUs, Darfur States only (lower, left); and in 5
EUs, Khartoum State only (lower, right), Global Trachoma
Mapping Project, Sudan, 2014–2015.
Figure 5. Age- and sex-specific prevalence of trachomatous
trichiasis (TT) in ≥15-year-olds in 32 evaluation units of Darfur
and Khartoum states, Global Trachoma Mapping Project, Sudan,
2014–2015.
388 B. E. ELSHAFIE ET AL.
decreasing. Interestingly, despite the mean TT preva-
lence over all districts being 0.4%, the prevalence of TT
in each of the districts close to the 10% TF threshold was
0.6%, 0.5%, and 1.0%, respectively. This supports the
idea that the transmission of infection has decreased in
recent years, perhaps as a result of an increased aware-
ness about trachoma, improved personal hygiene, or
because of general socioeconomic development.
In Khartoum State, all five mapped EUs had TF pre-
valences in children <5%. In fact, four out of five EUs
had TF prevalences <2%, and all had TT prevalences
<0.2% in those aged 15 years and older. Together, this
information suggests that blinding trachoma is unlikely
to be a public health problem in Khartoum State.
Consistent with data from elsewhere, we found
higher odds of TF in younger children.16–20 No associa-
tion was found between sex and TF, although such an
association is occasionally reported.18,21,22 We included
sex in the risk factor analysis a priori. At the household
level, the use of an unimproved source of sanitation
was independently associated with TF but not TT. Poor
sanitation has been linked to trachoma in the
literature.23–25 The eye-seeking Musca sorbens flies
that can passively transmit C. trachomatis preferentially
breed on human feces deposited on the ground, and
even basic pit latrines are thought to limit their breed-
ing potential.26,27 However, reported open defecation
by household adults was not independently associated
with TF or TT. This may be explained by more subtle
cultural practices related to hygiene. As ocular C. tra-
chomatis is also spread by direct contact between
humans, the frequency of such interactions is likely to
play a role in levels of endemicity.
Living in an area where the maximum temperature
annually exceeds 40°C was protective for both TF and
TT. Living in a household in a desert area was protec-
tive for TT (but not TF). High temperatures and higher
rainfall have previously been associated with reduced
prevalence,28 thought to be mediated through
decreased fly breeding potential. Temperatures above
40°C have previously been shown to limit the ability of
M. sorbens flies to breed.29
After accounting for other risk factors, we found
independently higher odds of TF in children who
lived in IDP camps. In and of itself, this may not be
surprising, as conflict-related settlements have pre-
viously been associated with an increased risk of infec-
tious disease such as measles, hepatitis A, cholera,
meningococcal meningitis and polio.30–32 The associa-
tion here persisted after accounting for proximity to
water, the use of surface water as a washing source,
household use of unimproved latrines, temperature and
yearly rainfall, and so the reason for this additional risk
is unclear. It might be that there are hygiene or cultural
practices for which we have not accounted, or that
surrogates for low socioeconomic status (such as a
low levels of education in general) play a part. It’s
also possible that the overall density of households in
such camps is higher and so C. trachomatis transmis-
sion is more readily facilitated, but we did not account
for this in our analysis.
In contrast, there was no association between TT in
adults and living in an IDP camp. The mean age of
those examined in IDP camps was not different from
that of non-IDP subjects. It is possible that individuals
with TT might not have been able to travel during the
displacement. Alternatively, the number of resultant
cases of TT might be higher in IDPs, but the life
expectancy of those cases markedly reduced, so that
fewer are found overall than might be expected from
the high proportions of TF seen in children. However,
although the absolute numbers were small (17 IDP TT
cases, 317 non-IDP TT cases), the mean age of IDP TT
cases was not significantly different from non-IDP
TT cases (67.6 years, 95% CI 56.1–79.2 years vs 63.4
years 95% CI 61.4–65.3 years); IDP TT cases were
(non-significantly) older overall. The association
between trachoma and IDP camps warrants further
investigation. We note that a limitation in each of our
models, which were intended as exploratory analyses, is
that we have not adjusted for multiple comparisons.
Although our surveys were based on clinical examina-
tion alone and did not include a laboratory component to
look for evidence of C. trachomatis,33 the data conform
with WHO recommendations12 for guiding programs
and partners to plan interventions against trachoma.
These data represent a significant step forwards towards
pursuing the elimination of trachoma from Sudan.
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